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INTRODUCTION 

Recent a n a l y t i c a l  methods have a t tempted t o  u n v e i l  t h e  n a t u r e  o f  t h e  
a l i p h a t i c  p a r t  o f  t h e  molecu les  present  i n  coa l  s t r u c t u r e s ,  and, w i t h  some 
approximat ion,  t h e y  were success fu l  i n  de te rm in ing  t h e  o r i g i n s  and t h e  s i z e  
d i s t r i b u t i o n  o f  t h e  a l k y l  cha ins  and o f  t h e  l i n e a r  hydrocarbons. 
presence o f  a l k y l  groups have been observed among t h e  p roduc ts  o f  thermal  and 
donor s o l v e n t  d i s s o l u t i o n  r e a c t i o n s  o f  v a r i o u s  coa ls .  Wh i le  t h e  a n a l y t i c a l  
de te rm ina t ion  o f  a l k y l s  presence i n  t h e  p roduc ts  o f  coa l  convers ion  and t h e  
specu la t i on  o f  t h e i r  o r i g i n a l  s t a t u s  i n  t h e  coa l  m a t r i x  have been e x t e n s i v e l y  
s tud ied ,  t h e i r  r o l e s  i n  t h e  va r ious  r e a c t i o n s  o c c u r r i n g  i n  coa l  l i q u e f a c t i o n  
have n o t  r e c e i v e d  adequate a t t e n t i o n  by t h e  research  community. I n  
p a r t i c u l a r ,  t h e  h i g h  s e v e r i t y  o f  o p e r a t i o n  used i n  t h e  exper imenta l  research  
works f o r  so many yea rs  and, r e g r e t t a b l y ,  even i n  p resen t  research  works,  has 
prec luded t h e  de te rm ina t ion  o f  t h e  r o l e  o f  each o f  t h e  r e a c t i v e  components 
e x i s t i n g  i n  t h e  coa l  s t r u c t u r e  o r  formed i n  v a r i o u s  s tages  o f  coa l  
l i q u e f a c t i o n .  I n  a d d i t i o n ,  t h e r e  i s  a s c a r c i t y  o f  i n f o r m a t i o n  on t h e  r o l e  o f  
each o f  t h e  r e a c t i v e  spec ies  and t h e i r  e f f e c t  on t h e  r e a c t i v i t y  o f  t h e  o t h e r  
components o f  coal  and coa l  l i q u i d s .  

l i q u e f a c t i o n  by t h e  programmed o r  staged tempera ture  approach( l ) ,  and, 
c u r r e n t l y ,  t h i s  exper imenta l  mode has become popu la r  w i t h  many researchers .  

For a more fundamental approach i n  coa l  l i q u e f a c t i o n  t h e r e  i s  an 
o p p o r t u n i t y  t o  s tudy  t h e  r e a c t i o n s  o c c u r r i n g  a t  t h e  l ow  tempera ture  ranges, 
say 250-380°C, f o r  each o f  t h e  r e a c t i v e  components, o r  each group o f  
components p resen t  i n  coa l  o r  formed i n  t h e  i n i t i a l  stages o f  l i q u e f a c t i o n ,  
which can be r e l a t e d  t o  t h e  most s i g n i f i c a n t  b e n e f i c i a l  e f f e c t s  observed i n  
t h e  staged tempera ture  exper iments.  

must be aware t h a t  he o r  she i s  approaching t h e  t h r e s h o l d  s e p a r a t i n g  t h e  
predominance o f  hydrogenat ion  r e a c t i o n s  o f  a romat ic  compounds a t  t h e  1 ower 
temperatures f rom those o f  dehydrogenat ion  o f  hydroaromat ic  compounds which 
occurs a t  t h e  h i g h e r  tempera tures .  

Th is  paper,  p r e s e n t l y  i n  t h e  f o r m  o f  a communication t o  be complemented 
by t h e  o r a l  p r e s e n t a t i o n  and expanded f o r  p u b l i c a t i o n  i n  Enerqv and Fuels,  
i n tends  t o  p resen t  some o f  t h e  r e a c t i o n s  i n v o l v i n g  a l k y l  groups as w e l l  as 
fo rmat ion  o f  a lkanes, which migh t  have impor tan t  r o l e s  i n  coa l  l i q u e f a c t i o n .  
The paper has t h e  a d d i t i o n a l  o b j e c t i v e  t o  s t i m u l a t e  t h e  research  community t o  
undertake a more sys temat i c  research  approach i n  l i q u e f a c t i o n  which ought t o  
separate t h e  many r e a c t i o n s  o c c u r r i n g  a t  t h e  l ower  tempera ture  range f rom t h e  
subsequent r e a c t i o n s  o c c u r r i n g  a t  t h e  h i g h e r  tempera tures .  
p ro found ly  a f f e c t e d  by t h e  way t h e  former a re  c a r r i e d  o u t .  

The abundant 

It i s  commonly accepted t h a t  b e n e f i c i a l  r e s u l t s  a r e  ob ta ined  i n  coa l  

By i n c r e a s i n g  t h e  r e a c t i o n  tempera ture  t o  above 380-4OO0C, t h e  researcher  

The l a t t e r s  a re  



IN IT IAL STAGES OF COAL LIOUEFACTION I 

I n  c o a l  l i q u e f a c t i o n  exper iments,  i n  wh ich  coa l  i s  s l u r r i e d  i n  a s o l v e n t  
and hea ied  up  t o  promote coa l  d i s s o l u t i o n ,  r e a c t i o n s  a re  observed t o  s t a r t  a t  
250-280 C w i t h  e v o l u t i o n  o f  m a i n l y  CO , p a r t i c u l a r l y  e v i d e n t  i n  low- rank  
coa ls .  A l a r g e  convers ion  o f  CO t o  i e t h a n e  has been observed when t h e  
r e a c t i o n  of f -gas i s  i n  t h e  presegce o f  hydrogen p ressu re  and hxdrogena i ion  
c a t a l y s t s ,  and by  i n c r e a s i n g  t h e  r e a c t i o n  tempera tu re . f rom 300 t o  380 C .  
T h i s  undes i rab le  r e a c t i o n  consumes hydrogen and c r e a t e s  obv ious  con fus ion  i f  
one des i res  t o  de te rm ine  a c c u r a t e l y  t h e  methane d e r i v e d  f rom t h e  c leavage o f  
methyl  groups from t h e  coa l  s t r u c t u r e ,  a t  t h e  same o r  subsequent h ighe r  
tempera tures .  
t h i s  occurrence, and, f o r  t h a t  ma t te r ,  t o  p r o v i d e  f u l l  m a t e r i a l  balances. A t  
t h e  same tempera ture  range i n  which CO conver t s  t o  methane, t h e r e  are  o t h e r  
r e a c t i o n s  i n v o l v i n g  t h e  i s o m e r i z a t i o n  8f a1 ky lpheno ls .  These r e a c t i o n s  occur  
i n  t h e  presence o f  gamma-alumina, and perhaps o f  c l a y s  p resen t  i n  t h e  c o a l  
m ine ra l  m a t t e r ,  such as, m o n t m g r i l l o n i t e s  and i l l i t e s .  By i n c r e a s i n g  t h e  
r e a c t i o n  tempera ture  above 350 C, a l k y l p h e n o l s  i somer i ze  t o  t h e  more t h e r m a l l y  
s t a b l e  me ta -pos i t i on .  The thermal  removal o f  t h e  hydroxy l  groups f rom 
meta-a1 ky lpheno l  s i s  much harder  than f rom t h e  o r tho -a1  k y l  pheno ls .  

The impor tance o f  removing t h e  hyd roxy l  groups has been emphasized by 
t h i s  au thor  i n  a p r e v i o u s  paper (2) ,  because o f  t h e  s u b s t a n t i a l  b e n e f i t s  i t  
p rov ides  i n  b o t h  l i q u e f a c t i o n  stage and i n  t h e  subsequent upgrad ing  s tage.  An 
example c i t e d  i n  t h a t  paper was t h e  c leavage o f  t h e  oxygen b r i d g e  i n  d ipheny l  
e t h e r ,  very  o f t e n  used as model compound r e a c t i o n  r e l a t e d  t o  coa l  l i q u e f a c t i o n  
accord ing  t o  r e c e n t  l i t e r a t u r e ,  i n  which t h e  oxygen b r i d g e  i s  c leaved a t  lower 
s e v e r i t y  i f  an a l k y l  group i s  p resent  i n  one o f  t h e  r i n g ,  and, i n  p a r t i c u l a r ,  
i f  i t  i s  l o c a t e d  i n  o r t h o - p o s i t i o n  t o  t h e  oxygen. 

Th is  seems t o  be i n  agreement w i t h  t h e  f a c t  t h a t  oxygen m o i e t i e s  have 
been removed w i t h  ease a t  much lower  s e v e r i t y  o f  exper imenta l  c o n d i t i o n s  i n  
coa l  1 i q u e f a c t i o n  than  f rom oxygen-conta in ing  model compounds commonly used by 
researchers  i n  t h i s  f i e l d .  T h i s  f a c t  would c o n f i r m  t h a t  a l k y l  groups and, f o r  
t h a t  mat te r ,  o t h e r  groups wh ich  a re  p resen t  i n  t h e  r i n g  s t r u c t u r e  o f  coa ls ,  
a r e  p l a y i n g  an i m p o r t a n t  r o l e  i n  t h e  i n i t i a l  stages o f  coa l  l i q u e f a c t i o n .  
But,  g i ven  t h e  preponderance o f  oxygen m o i e t i e s  and t h e  hydrogenat ion  
environment r e q u i r e d ,  t h e  predominant f e a t u r e  i n  coa l  1 i q u e f a c t i o n  i s  t h e  
dominance o f  p h e n o l i c  chemis t r y .  

SUBSEOUENT LIOUEFACTION STAGES 

Up t o  d a t e  most researchers  i n  coa l  l i q u e f a c t i o n  have neg lec ted  

A t  h i g h e r  s e v e r i t y  o f  opera t ions ,  t h e  p h e n o l i c  chemis t r y  i s  s t i l l  
dominant i n  coa l  1 i q u e f a c t i g n ,  because o f  t h e  convers ion  o f  phenol -p recu rso rs  
t o  phenols.  
occu r  as p o l y a l k y l a t e d  phenols a re  a b l e  t o  donate a l k y l  groups t o  t h e  non- o r  
l ess -a1  k y l  a ted  pheno ls ,  i n  t h e  presence o f  c i a y  c a t a l y s t s ( 3 ) .  
h y d r o p y r o l y s i s  tempera tu re  range o f  600-1000 C, oxygen i n  t h e  aromat ic  r i n g s  
and hydroxy l  g roups  o f  phenols were found t o  s t r o n g l y  enhance t h e  methane 
y i e l d ( 4 ) ,  d e c a r b o n y l a t i o n  b e i n g  t h e  key i n i t i a l  s tep .  

be p r a c t i c a l l y  removed, and o t h e r  f u n c t i o n a l  groups w i l l  p robab ly  emerge as 

I n  t h e  400-450 C tempera ture  range, t r a n s a l k y l a t i o n  r e a c t i o n s  

A t  

A t  one p o i n t  i n  coa l  l i q u e f a c t i o n  perhaps t h e  a c t i v e  oxygen m o i e t i e s  w i l l  

I 
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t h e  c r i t i c a l  r e a c t i v e  species.  
i n v o l v i n g  a l k y l a t e d  c y c l i c  compounds c o n t a i n i n g  n i t r o g e n  and s u l f u r  i n  t h e  
r i n g .  It i s  b e l i e v e d  t h a t  t h e  chemis t r y  o f  a l k y l  p o l y c y c l i c  a romat ics ,  o r  
hydroaromat ics ,  ought t o  have a more i n f l u e n t i a l  r o l e  i n  t h e  upgrad ing  and 
r e f i n i n g  s teps .  The s e l e c t i o n  o f  t h e  proper  c a t a l y s t  and t h e  exper imen ta l  
c o n d i t i o n s  i n  these s teps  appear t o  a f f e c t  t h e  r e a c t i o n s  i n v o l v i n g  a l k y l  
groups, such as, i somer i za t i on ,  t r a n s a l k y l a t i o n  and " p a r i n g "  r e a c t i o n s ( 5 ) .  

CONCLUSIVE REMARKS 

However, l i t t l e  i s  known o f  t h e  r e a c t i o n s  

The abundance o f  v a r i o u s  oxygen m o i e t i e s  and a l k y l  groups i n  coa ls ,  
revea led  by c u r r e n t  s o p h i s t i c a t e d  a n a l y t i c a l  dev ices ,  s i g n i f i e s  t h a t  t h e y  are  
a c r i t i c a l  p a r t  o f  coa l  r e a c t i v i t y  and consequent ly  a re  hav ing  a major  e f f e c t  
on t h e  i n i t i a l  stages o f  coa l  l i q u e f a c t i o n  and v e r y  l i k e l y  i n  t h e  upgrad ing  
and r e f i n i n g  s teps .  

L i t t l e  i s  known about t h e  homogeneous chemical  r e a c t i o n s  which, d u r i n g  
l i q u e f a c t i o n ,  b r i n g  about t h e  r e a c t i o n  o f  e i t h e r  t h e  removal o f  each o f  these 
groups, o r  condensat ion  r e a c t i o n s ,  t h a t  i s ,  c o u p l i n g  f o r  t h e  pheno ls  and 
c y c l i z a t i o n  f o r  l a r g e  a l k y l  groups. 
group on t h e  o t h e r ,  and t h e  combined e f f e c t  on o t h e r  c r i t i c a l  r e a c t i o n s  i n  
coa l  l i q u e f a c t i o n .  

Even l e s s  known i s  t h e  e f f e c t  o f  one 

T h i s  communication l i s t s  some o f  t h e  r e a c t i o n s  known f rom u n r e l a t e d  p a s t  
works which, i t  i s  f e l t  
1 i q u e f a c t i o n  research .  
covered d u r i n g  t h e  o r a l  
d a t a  w i l l  be pub l i shed  

REFERENCES 

1. 

2 .  

3. 

4. 

5. 

c o u l d  be p r o f i t a b l y  pursued i n  f u t u r e  coa l  
An a m p l i f i e d  v e r s i o n  o f  t h i s  communication w i l  
p resen ta t i on ,  and a more d e t a i l e d  and complete 
n Eneruv and Fue ls .  

be 
s e t  o f  

Derbysh i re ,  F.J., e t  a l .  (1986). Temperature-Staged C a t a l y t i c  Coal 
L i q u e f a c t i o n ,  FUEL, 65, p. 1233, and re fe rences  c i t e d  t h e r e i n .  

Moroni, E.C., Coal L i q u e f a c t i o n  and Upgrading B e n e f i t  f rom Heteroatom 
Removal. Proceedings o f  t h e  1987 I n t e r n a t i o n a l  Conf. on Coal Science, 
M a a s t r i c h t ,  The Nether lands, October 26-30, 1987, p. 351, and re fe rences  
c i t e d  t h e r e i n .  

Neuworth, M.B., Moroni, E.C., and De lBe l ,  E., S e l e c t i v i t y  o f  
T ransmethy la t i on  o f  H igh  B o i l i n g  C r e s y l i c s .  U.S. Pa ten t  3,417,149, 
December 17, 1968. 

Gobarty, M.L., and Maa, P.S., A C r i t i c a l  Temperature Window f o r  Coal 
Hydropy ro l ys i s ,  Am. Chem. SOC., D iv .  Fuel  Chem. P r e p r i n t s ,  31,(41, 5, 
1986, and re fe rences  c i t e d  t h e r e i n .  

S u l l i v a n ,  R.F., e t  a l .  A New React ion  That  Occurs i n  Hydrocrack ing  of  
C e r t a i n  Aromat ic  Hydrocarbons. JACS, 83, 1156 (1961).  

386 


